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In early 2014, abortions and death of ruminants were report-
ed on farms in Maputo and Gaza Provinces, Mozambique. 
Serologic analysis and quantitative and conventional re-
verse transcription PCR confirmed the presence of Rift Val-
ley fever virus. The viruses belonged to lineage C, which is 
prevalent among Rift Valley fever viruses in southern Africa.

Rift Valley fever (RVF) virus (family Bunyaviridae, 
genus Phlebovirus) is a mosquito-borne virus that 

affects ruminants and humans. The virion contains 3 sin-
gle-stranded RNA genome segments, large, medium, and 
small. In ruminants, RVF virus infection is characterized by 
high rates of abortion and of death, particularly in newborn 
animals. In humans, the infection is usually asymptomatic, 
but in severe cases, hemorrhage, meningoencephalitis, reti-
nopathy, and death can occur (1).

Some of the most notable RVF epidemics reported in 
the past 2 decades occurred in eastern Africa and in south-
ern Africa, where Mozambique is located. In 2006 and 
2007, outbreaks of the disease occurred in eastern Africa, 
including Tanzania (2). In 2008 (3) and 2010 (4), epidem-
ics of the disease were reported in South Africa. However, 
during the same period, no RVF outbreaks were reported 
in Mozambique. The few confirmed RVF outbreaks in the 
country occurred in 1969 in Gaza and Maputo Provinces, 
resulting in the deaths of 220 and 25 cattle in each prov-
ince, respectively (5). In 1999, cases of abortion in a herd 
of water buffaloes (Bubalus bubalis) in Zambézia Province 
were attributed to RVF virus, but no virus was detected or 
isolated (6).

In 2010, serosurveys were conducted in the Zam-
bézia and Maputo Provinces of Mozambique. Sero-
prevalences of 9.2% in sheep and 11.6% in goats was 
recorded in Zambézia Province (7). In Maputo Province, 
an overall seroprevalence of 36.9% was documented in 
cattle (8). The results indicated the possible circulation 
of RVF virus during interepidemic periods without the 

manifestation of typical clinical signs, as has been de-
scribed elsewhere (9).

In this article, we report the detection of specific anti-
bodies against RVF virus and the genetic analysis of RVF 
virus isolates from outbreaks in Mozambique. We also dis-
cuss the possible factors associated with the occurrence of 
this outbreak.

The Study
In late March 2014, after a period of heavy and persistent 
rainfall in southern Mozambique, particularly in Maputo 
and Gaza Provinces, abortions and deaths in ruminant off-
spring were reported on some farms. The owner of a farm lo-
cated in the Goba District, Maputo Province (26°3′59.73′′S, 
32°0′23.36′′E), informed the veterinary authorities that 16 
of 88 goats aborted their fetuses and 5 newborn kids died. 
The veterinary authorities also received reports from 2 
farms in Xai-Xai (25° 03′24.1S, 33°41′24.7E) and Chibuto 
(24°42′01.222S, 33°32′24.822E) in Gaza Province, where 
26 goats and 8 sheep aborted, respectively, and a total of 
7 newborn animals died on both farms. According to the 
farmers, no animals had been purchased or brought into the 
herds for >3 years.

Serum samples were collected from farms in Goba (n 
= 88), Xai-Xai (n = 26), and Chibuto (n = 13). On the Goba 
farm, liver and spleen tissue samples were also collected 
from 1 aborted fetus and from 1 dead newborn goat. All the 
serum samples were tested for the presence of RVF virus 
IgM by using the IDvet Screen RVF IgM ELISA (IDvet 
innovative diagnostics kit; IDVet, Montpellier, France). In 
addition, the serum samples collected in Goba were fur-
ther tested for RVF virus IgG by using the RVF recN IgG 
ELISA kit (Biological Diagnostic Supplies Limited, Edin-
burgh, Scotland, UK).

Viral genomic RNA was extracted from ELISA-posi-
tive serum samples and tissue samples by using Trizol (In-
vitrogen, Manchester, UK) according to the manufacturer’s 
instructions. A quantitative real-time reverse transcription 
PCR was performed as described (10). Positive samples 
were subsequently subjected to a conventional RT-PCR 
to amplify a 490-nt region of the medium segment as de-
scribed (11). The amplicons were then purified by using the 
QIAquick Gel extraction kit (QIAGEN, Manchester, UK) 
and submitted to Inqaba Biotec (Pretoria, South Africa) 
for sequencing. The obtained sequences were compared 
with sequences in GenBank using BLAST (https://blast.
ncbi.nlm.nih.gov/Blast.cgi). Sequence data (480 nt) were 
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imported into MEGA6 (12), in which sequence alignment 
and evolutionary analyses were carried out. The phyloge-
netic trees were inferred by using the maximum-likelihood 
method based on the Kimura 2-parameter model (13). The 
tree with the highest log likelihood (-2055.6526) is shown 
in the online Technical Appendix Figure (http://wwwnc.
cdc.gov/EID/article/22/12/16-0310-Techapp1.pdf). Refer-
ence RVF virus isolates used in this study are listed in the 
online Technical Appendix Table. 

Serologic analysis indicated that 31 (24.4%) of 127 
(all) sampled animals were positive for RVF virus IgM, 
and 49 (55.7%) of 88 animals from the Goba Province 
were positive for RVF virus IgG. Only 25 animals had 
RVF virus IgG but no RVF virus IgM (Table). The data 
suggest that the onset of the outbreak on the Goba farm 
was in early or mid-January 2014 and continued until 
mid-April because at this time only a few RVF IgM–posi-
tive animals (2/26 animals) contained IgM but no IgG 
against RVF virus, and few abortions were continuing. 
RVF virus RNA was detected in 16 serum samples and 
6 tissue samples analyzed by quantitative real-time RT-
PCR, confirming an RVF outbreak in Mozambique. Only 
PCR products obtained from fetal tissue met the minimum 
concentration requirement for sequencing. Phylogenetic 
analysis showed that the Goba-Mozambique isolate be-
longed to the lineage C group of RVF viruses (online 
Technical Appendix Figure).

Conclusions
RVF virus IgM and the molecular detection of RVF virus 
confirmed the cause of abortions and deaths in sheep and 
goats in Maputo (Goba) and Gaza (Xai-Xai and Chibuto) 
Provinces of Mozambique in the first quarter of 2014. 
Outbreaks of RVF in eastern Africa are usually associated 
with the circulation of a local virus lineages, triggered 
by abnormal rainfall that favors the multiplication of the 
mosquito vectors or by the introduction of virus through 
animal movement. Sequence comparison and phyloge-
netic analyses indicated that the Maputo RVF viruses be-
longed to lineage C, which suggested that the outbreaks 
had close links to the 2007 and 2010 RVF outbreaks  
in Sudan. 

The farms where the outbreaks occurred are noncom-
mercial, small- to middle-scale farming systems with basic 
management and with no reports of animal importation. 
Occasionally, animals are bought from other farms, and the 
animals known to be imported in the southern part of the 
country come from the neighboring countries (i.e., South 
Africa and Swaziland). Animal movement is also reported 
to occur frequently on the border with adjoining countries. 
Because no new animals were introduced onto the above 
mentioned farms and no animal importation was indicated 
either by the farmers or by the veterinary authorities, we 
hypothesize that the virus might have been introduced in 
the past. Then, after a 6-fold increase in rainfall in Maputo 
(31 mm in November 2013 and 208 mm in December 2013; 
Umbeluzi Weather Station, pers. comm.), the conditions for 
an increase in the vector population, and therefore in virus 
circulation, favored the occurrence of the outbreaks. The 
high level of seroprevalence reported previously in districts 
close to the study site (8) may suggest a continuous low 
level of virus transmission in the region that is exacerbated 
by above-average rainfall, resulting in RVF virus infection 
in naive animals. 

With this confirmed genetic evidence of RVF virus 
in Mozambique, all countries on the eastern coastline 
of Africa, the Indian Ocean islands of Madagascar and 
Mayotte, and Yemen and Saudi Arabia have all reported 
the presence of viruses belonging to lineage C (11). The 
broad geographic distribution pattern of lineage C viruses 
(in southern and northern Africa) and the related life-cy-
cle dynamics require further investigation to identify the 
main drivers associated with the circulation and spread of 
this lineage of viruses.
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Table. ELISA and RT-PCR results for sheep and goat serum specimens tested during Rift Valley Fever outbreak, Mozambique, 2014* 
Results Goba District Xai-Xai District Chibuto District 
Total 88 26 13 
No. IgM positive 26 2 3 
No. IgG positive 49 NT NT 
No. IgM positive only 2 NA NA 
No. IgG positive only 25 NA NA 
No. RT-PCR positive 12 2 2 
No. RT-PCR and IgM positive 1 2 2 
No. RT- PCR and IgG positive 0 NA NA 
No. RT-PCR, IgM and IgG positive 11 NA NA 
*RVF, Rift Valley fever; RT-PCR, real-time quantitative reverse transcription PCR; NA, not available; NT, not tested. 

 



 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 22, No. 12, December 2016 2167

Rift Valley Fever, Mozambique, 2014

University, Mozambique, and at the Department of Veterinary 
Tropical Diseases, Faculty of Veterinary Sciences, University 
of Pretoria, South Africa.

Dr. Fafetine is assistant professor of microbiology and immunology 
at the Veterinary Faculty, Eduardo Mondlane University,  
Maputo, Mozambique. His primary research interest is the  
diagnosis and epidemiology of zoonotic and emerging diseases.

References
  1. Swanepoel R, Coetzer JAW. Rift Valley fever. In: Coetzer JAW, 

Thomson GR, Tustin RC, editors. Infectious diseases of livestock, 
2nd ed. Oxford (UK): Oxford University Press; 2004. p. 1037–70.

  2. World Health Organization. Outbreaks of Rift Valley fever in  
Kenya, Somalia and United Republic of Tanzania, December 
2006–April 2007. Wkly Epidemiol Rec. 2007;82:169–78.

  3. Archer BN, Weyer J, Paweska J, Nkosi D, Leman P, Tint KS,  
et al. Outbreak of Rift Valley fever affecting veterinarians and 
farmers in South Africa, 2008. S Afr Med J. 2011;101:263–6. 
http://dx.doi.org/10.7196/SAMJ.4544

  4. World Health Organization. Rift Valley fever, South Africa— 
update 1. Wkly Epidemiol Rec. 2010;21:185–6.

  5. Valadão FG. Nota prévia sobre a ocorrência de uma nova doença 
em Moçambique—a doença do vale do Rift. Veterin Moçamb. 
1969;2:13–20.

  6. Direcção Nacional de Pecuária. Relatório Anual. Ministério da 
Agricultura e de Desenvolvimento Rural (Maputo, Mozambique); 
2002. p. 5–7.

  7. Fafetine J, Neves L, Thompson PN, Paweska JT, Rutten VPMG, 
Coetzer JAW. Serological evidence of Rift Valley fever virus 
circulation in sheep and goats in Zambézia Province, Mozambique. 
PLoS Negl Trop Dis. 2013;7:e2065. http://dx.doi.org/10.1371/
journal.pntd.0002065

  8. Lagerqvist N, Moiane B, Mapaco L, Fafetine J, Vene S, Falk KI. 
Antibodies against Rift Valley fever virus in cattle, Mozambique. 
Emerg Infect Dis. 2013;19:1177–9. http://dx.doi.org/10.3201/
eid1907.130332

  9. Métras R, Cavalerie L, Dommergues L, Mérot P, Edmunds WJ, 
Keeling MJ, et al. The epidemiology of Rift Valley fever in  
Mayotte: insights and perspectives from 11 years of data. PLoS 
Negl Trop Dis. 2016;10:e0004783. http://dx.doi.org/10.1371/
journal.pntd.0004783

10. Bird BH, Bawiec DA, Ksiazek TG, Shoemaker TR, Nichol ST.  
Highly sensitive and broadly reactive quantitative reverse  
transcription-PCR assay for high-throughput detection of  
Rift Valley fever virus. J Clin Microbiol. 2007;45:3506–13.  
http://dx.doi.org/10.1128/JCM.00936-07

11. Grobbelaar AA, Weyer J, Leman PA, Kemp A, Paweska JT, 
Swanepoel R. Molecular epidemiology of Rift Valley fever virus. 
Emerg Infect Dis. 2011;17:2270–6. http://dx.doi.org/10.3201/
eid1712.111035

12. Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. MEGA6: 
molecular evolutionary genetics analysis version 6.0. Mol Biol 
Evol. 2013;30:2725–9. http://dx.doi.org/10.1093/molbev/mst197

13. Kimura M. A simple method for estimating evolutionary rates 
of base substitutions through comparative studies of nucleotide 
sequences. J Mol Evol. 1980;16:111–20. http://dx.doi.org/10.1007/
BF01731581

Address for correspondence: José Manuel Fafetine, Eduardo Mondlane 
University–Universidade Eduardo Mondlane, Faculdade de Veterinária/
Centro de Biotecnologia, Av de Moçambique Km 1.5, C. Postal 257, 
Maputo, Mozambique; email: jfafetine@yahoo.com

August 2016:  
Parasitology 

•  Coinfections with Visceral Pentastomiasis, Democratic 
Republic of the Congo

•  Probable Rabies Virus Transmission through Organ 
Transplantation, China, 2015

•  Microgeographic Heterogeneity of Border Malaria 
During Elimination Phase, Yunnan Province, China

•  Virulence and Evolution of West Nile Virus, Australia, 
1960–2012

•  Phylogeographic Evidence for Two Genetically Distinct 
Zoonotic Plasmodium knowlesi Parasites, Malaysia

•  Hemolysis after Oral Artemisinin Combination Therapy 
for Uncomplicated Plasmodium falciparum Malaria

•  Middle East Respiratory Syndrome Coronavirus 
Transmission in Extended Family, Saudi Arabia, 2014

•  Exposure-Specific and Age-Specific Attack Rates for 
Ebola Virus Disease in Ebola-Affected Households, 
Sierra Leone

•  Outbreak of Achromobacter xylosoxidans and 
Ochrobactrum anthropi Infections after Prostate 
Biopsies, France, 2014

•  Possible Role of Fish and Frogs as Paratenic Hosts of 
Dracunculus medinensis, Chad 

•  Human Babesiosis, Bolivia, 2013 

•  Importation of Hybrid Human-Associated 
Trypanosoma cruzi Strains of Southern South 
American Origin, Colombia 

http://wwwnc.cdc.gov/eid/articles/
issue/22/08/table-of-contents

®



 

Page 1 of 6 

Article DOI: http://dx.doi.org.10.3201/eid2212.160310 

Rift Valley Fever Outbreak in Livestock, 
Mozambique, 2014 

Technical Appendix 

 
Technical Appendix Table. Partial (490 nt) M-segment sequences of RVF virus isolates accessed from NCBI included in this study 

No Isolate Country 
Year of 
isolation Reference 

GenBank accession 
no. 

1 SPU52/99/1 South Africa 1999 Grobbelaar et al. 2011 HM587046 
2 SPU52/99/5 South Africa 1999 Grobbelaar et al. 2011 HM587047 
3 SPU52/99/2 South Africa 1999 Grobbelaar et al. 2011 HM587048 
4 SPU52/99/3 South Africa 1999 Grobbelaar et al. 2011 HM587049 
5 SPU86/09 South Africa 2009 Grobbelaar et al. 2011 HM587065 
6 SA152/08 South Africa 2008 Grobbelaar et al. 2011 HM587066 
7 M37/08 South Africa 2008 Grobbelaar et al. 2011 HM587067 
8 SA52/08 South Africa 2008 Grobbelaar et al. 2011 HM587069 
9 An278 Saudi Arabia 2000 Grobbelaar et al. 2011 HM587050 
10 SA01–1322 Saudi Arabia 2001 Miller et al. 2001 AF393745 
11 H2MAU03 Mauritania 2003 Faye et al. 2003 EF160115 
12 H1MAU03 Mauritania 2003 Faye et al. 2003 EF160116 
13 SPU12/99/21 Somalia 1998 Grobbelaar et al. 2011 HM587051 
14 SPU384/97/1 Kenya 1997 Grobbelaar et al. 2011 HM587052 
15 SPU2/98/1 Kenya 1998 Grobbelaar et al. 2011 HM587053 

16 SPU2/98/9 Kenya 1998 Grobbelaar et al. 2011 HM587055 
17 SPU22/07/118 Kenya 2007 Grobbelaar et al. 2011 HM587062 
18 SPU22/07/125 Kenya 2007 Grobbelaar et al. 2011 HM587063 
19 SPU22/07/129 Kenya 2007 Grobbelaar et al. 2011 HM587064 
20 SPU22/07/4 Kenya 2007 Grobbelaar et al. 2011 HM587068 
21 B309 Kenya 1977 Grobbelaar et al. 2011 HM587070 
22 214445 Kenya 1983 Grobbelaar et al. 2011 HM587074 
23 B1143 Kenya 1977 Grobbelaar et al. 2011 HM587075 
24 VRL2413/98 Zimbabwe 1998 Grobbelaar et al. 2011 HM587054 
25 VRL1187/79 Zimbabwe 1979 Grobbelaar et al. 2011 HM587056 
26 VRL2354/78 Zimbabwe 1978 Grobbelaar et al. 2011 HM587058 
27 VRL1548/78 Zimbabwe 1978 Grobbelaar et al. 2011 HM587059 
28 VRL825/79 Zimbabwe 1979 Grobbelaar et al. 2011 HM587071 
29 VRL2051/76 Zimbabwe 1976 Grobbelaar et al. 2011 HM587072 
30 VRL1217/78 Zimbabwe 1978 Grobbelaar et al. 2011 HM587073 

31 VRL1290/78 Zimbabwe 1978 Grobbelaar et al. 2011 HM587077 
32 MgAn1002 Madagascar 1991 Grobbelaar et al. 2011 HM587057 
33 MgAn991 Madagascar 1991 Grobbelaar et al. 2011 HM587060 
34 MgAn990 Madagascar 1991 Grobbelaar et al. 2011 HM587061 
35 M48 Madagascar 2008  HQ009512 
36 SPU204/85 Angola 1985 Grobbelaar et al. 2011 HM587076 
37 FI-2 Madagascar 2008 Ratovonjato et al. 2011 GU135856 
38 AL-53 Madagascar 2008 Ratovonjato et al. 2011 GU135862 
39 MgH824 Madagascar 1979 Grobbelaar et al. 2011 HM587040 
40 93-Abeer Egypt 1993 Grobbelaar et al. 2011 HM587043 
41 SPU44/85 Zambia 1985 Grobbelaar et al. 2011 HM587079 
42 74HB59 CAR 1974 Grobbelaar et al. 2011 HM587082 
43 SA373 South Africa 2010 Grobbelaar et al. 2011 HM587097 
44 SPU77/04 Namibia 2004 Grobbelaar et al. 2011 HM587100 
45 Ar20364 South Africa 1981 Grobbelaar et al. 2011 HM587101 

46 SA55 South Africa 1955 Grobbelaar et al. 2011 HM587120 
47 SA51 South Africa 1951 Grobbelaar et al. 2011 HM587125 
48 M34_ARB Senegal 2002 Soumare et al. 2012 JN995327 
49 M38_ARB Senegal 2003 Soumare et al. 2012 JN995343 
50 Namibia_2010 Namibia 2010 Monaco et al. 2013 KC935380 
51 211977 Mauritania 2010 Faye et al. 2013 KF717590 

http://dx.doi.org.10.3201/eid2212.160310
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No Isolate Country 
Year of 
isolation Reference 

GenBank accession 
no. 

52 ZH501 Egypt 1977 Bird et al. 2007 DQ380200 

53 ZH548 Egypt 1977 Bird et al. 2007 DQ380206 
54 ZC3349 Egypt 1978 Bird et al. 2007 DQ380207 
55 ZM657 Egypt 1978 Bird et al. 2007 DQ380204 
56 ZS6365 Egypt 1979 Bird et al. 2007 DQ380205 
57 ZH1776 Egypt 1978 Bird et al. 2007 DQ380203 
58 T-46 Egypt 1977 Bird et al. 2007 DQ380199 
59 73HB1230 CAR 1973 Bird et al. 2007 DQ380221 
60 Zinga CAR 1969 Bird et al. 2007 DQ380217 

61 CAR-R1622 CAR 1985 Bird et al. 2007 DQ380219 
62 73HB1449 CAR 1973 Bird et al. 2007 DQ380211 
63 74HB59 CAR 1974 Bird et al. 2007 DQ380212 
64 Hv-B375 CAR 1985 Bird et al. 2007 DQ380218 
65 2250/74 Zimbabwe 1974 Bird et al. 2007 DQ380209 
66 1853/78 Zimbabwe 1978 Bird et al. 2007 DQ380220 
67 1260/78 Zimbabwe 1978 Bird et al. 2007 DQ380214 
68 763/70 Zimbabwe 1970 Bird et al. 2007 DQ380188 
69 2373/74 Zimbabwe 1974 Bird et al. 2007 DQ380194 
70 2269/74 Zimbabwe 1974 Bird et al. 2007 DQ380222 
71 MgH824 Madagascar 1979 Bird et al. 2007 DQ380210 
72 200803162 Madagascar 2008 Carrol et al. 2011 JF311377 
73 200803167 Madagascar 1991 Carrol et al. 2011 JF311382 
74 200803166 Madagascar 1991 Carrol et al. 2011 JF311381 
75 200803163 Madagascar 2008 Carrol et al. 2011 JF311378 

76 200803169 Madagascar 2008 Carrol et al. 2011 JF311384 
77 200803170 Madagascar 2008 Carrol et al. 2011 JF311385 
78 21445 Kenya 1983 Bird et al. 2007 DQ380198 
79 9800523 Kenya 1998 Bird et al. 2007 DQ380196 
80 IB8 Kenya 1965 Bird et al. 2007 DQ380190 
81 KEN006/07 Kenya 2007 Nderitu et al. 2011 HM586966 
82 KEN032/07 Kenya 2007 Nderitu et al. 2011 HM586967 
83 2007000260 Kenya 2006 Bird et al. 2012 JF326193 
84 2007002820 Kenya 2007 Bird et al. 2008 JF309200 
85 Saudi10911 Saudi Arabia 2000 Bird et al. 2007 DQ380197 
86 ANK3837 Guinea 1981 Bird et al. 2007 DQ380215 
87 ANK6087 Guinea 1984 Bird et al. 2007 DQ380216 
88 OS-1 Mauritania 1987 Bird et al. 2007 DQ380186 
89 OS-3 Mauritania 1987 Bird et al. 2007 DQ380184 
90 OS-9 Mauritania 1987 Bird et al. 2007 DQ380183 

91 OS-8 Mauritania 1987 Bird et al. 2007 DQ380185 
92 ArD38388 Burkina Faso 1983 Bird et al. 2007 DQ380187 
93 Entebbe Uganda 1944 Bird et al. 2007 DQ380191 
94 SA75 South Africa 1975 Bird et al. 2007 DQ380189 
95 SA51 South Africa 1951 Bird et al. 2007 DQ380195 
96 Kakamas South Africa 2009 Potgieter et al. 2011 JQ068143 
97 2008/00099 Mayotte 2008 Cetre-Sossah et al. 2012 HE687303 
98 2008/00101 Mayotte 2008 Cetre-Sossah et al. 2012 HE687306 
99 2007000323 Tanzania 2007 Bird et al. 2011 JF326194 
100 2007000324 Tanzania 2007 Bird et al. 2011 JF326195 
101 TAN001/O7 Tanzania 2007 Nderitu et al. 2011 HE586970 
102 TAN002/07 Tanzania 2007 Nderitu et al. 2011 HE586971 
103 7–2010 Sudan 2010 Aradaib et al. 2013 JQ820487 
104 85–2010 Sudan 2010 Aradaib et al. 2013 JQ820488 
105 86–2010 Sudan 2010 Aradaib et al. 2013 JQ820489 
106 2V-2007 Sudan 2007 Aradaib et al. 2013 JQ820490 
107 28–2010 Sudan 2010 Aradaib et al. 2013 JQ820491 
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Technical Appendix Figure. Maximum likelihood tree generated from sequence data obtained from Rift 

Valley fever (RVF) viruses from Goba District, Mozambique, and RVF reference sequences available on 

Genbank (n = 129;480 nt region; medium segment). The evolutionary history was inferred by using the 
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maximum-likelihood method in MEGA6 (12), based on the Kimura 2-parameter model. The tree that had 

the highest log likelihood (2055.6526) is shown in the figure. A discrete  distribution was used to model 

the evolutionary rate differences among sites (5 categories [(+G, parameter = 0.3911]). Confidence 

values for the tree topologies were evaluated with a bootstrap analysis of 1,000 replicate datasets 

(consensus tree; cutoff <70% shown). Lineages were identified as described by Grobbelaar et al. (10). 

 


